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J JUDYLWDWLRQDODFFHOHUDWLRQ
*,6 JHRJUDSKLFLQIRUPDWLRQV\VWHP
KJ FHQWHURIWKHDHURG\QDPLFIRUFHKHLJKWIURPWKHJURXQG
KZ FHQWUHRIWKHJUDYLW\IRUFHKHLJKWIURPWKHJURXQG
Ș WUDQVPLVVLRQHIILFLHQF\WRWUDQVIRUPDWWUDFWLRQSRZHU
ȘEUDNHQ UHJHQHUDWLYHEUDNLQJHIILFLHQF\
,&7 LQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJ\
/ GLVWDQFHEHWZHHQWKHIURQWDQGUHDUD[OHV
/E GLVWDQFHRIUHDUD[OHIURPWKHFHQWHURIJUDYLW\2
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S SHDNFRHIILFLHQWRIURDGDGKHVLRQ
3D SRZHUWUDQVPLWWHGDWWKHGULYLQJZKHHO
3DX[L WRWDOHQHUJ\SRZHURIDX[LOLDU\VHUYLFHV
37 WUDFWLRQIRUFH
ȡ DLUGHQVLW\
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,QWURGXFWLRQ
7KHFDOFXODWLRQRIHQHUJ\FRQVXPSWLRQUDWHRQDURXWHLVDNH\LVVXHLQGHYHORSLQJDQDYLJDWRUWKDWZLOO
FDOFXODWH WKH RSWLPDO URXWH IRU )XOO (OHFWULF 9HKLFOHV WDNLQJ LQWR DFFRXQW HQHUJ\ FRQVXPSWLRQ RI WKH
YHKLFOHDQGWKXVDOORZLQJWKHGULYHUWRNQRZWKHGHJUHHRIDXWRQRP\RIWKHYHKLFOH

(FR*HPLVDUHVHDUFKSURMHFWIXQGHGE\WKH(XURSHDQ&RPPLVVLRQXQGHUWKH)3SURJUDPWKDWDLPVDW
SURYLGLQJHIILFLHQW ,&7EDVHGVROXWLRQV LQRUGHU WRHYDOXDWH WKHRSWLPDO URXWHFRQVLGHULQJ WKHHOHFWULFDO
FRQVXPSWLRQRI)XOO\(OHFWULF9HKLFOHV

(FR*HP ZLOO SURGXFH DQ $GYDQFHG 'ULYHU $VVLVWDQFH 6\VWHP HTXLSSHG ZLWK VXLWDEOH PRQLWRULQJ
OHDUQLQJ UHDVRQLQJ DQGPDQDJHPHQW FDSDELOLWLHV WKDWZLOO KHOS LQFUHDVH WKH DXWRQRP\RI IXOO HOHFWULFDO
YHKLFOHVDQGHQHUJ\HIILFLHQF\

7KHVHYHKLFOHVHTXLSSHGZLWK(FR*HPVROXWLRQZLOO OHDUQRYHUWLPHWRSUHGLFWFRQJHVWHGURXWHVDQG
WKXVDYRLGWKHPEDVHGRQH[SHULHQFHWKDWWKH\JDWKHU7KLVOHDUQLQJSURFHVVZLOOHYHQWXDOO\UHQGHUHDFK
(FR*HP)XOO(OHFWULFDO9HKLFOHFDSDEOHRIDXWRQRPRXVO\FODVVLI\LQJURXWHVDFFRUGLQJWRWKHLUGHJUHHRI
FRQJHVWLRQHQDEOLQJHQHUJ\GULYHQURXWHSODQQLQJRSWLPLVDWLRQ

,QRUGHUWRYHULI\DQGYDOLGDWHWKHSHUIRUPDQFHRI(FR*HPVROXWLRQVDVLPXODWLRQHQYLURQPHQWZLOOEH
GHYHORSHGWKDWZLOODOORZHVWLPDWLQJWKHHIILFLHQF\RIWKH(FR*HPDSSURDFKDQGWKDWZLOODOVRHQDEOHWR
PHDVXUHWKHEHQHILWVRIWKHSURSRVHGVROXWLRQLQVLPXODWHGVFHQDULRV,QDGGLWLRQDVHWRIILHOGWHVWWULDOV
ZLOOEHFRQGXFWHGLQRUGHUWRYHULI\WKHV\VWHPSHUIRUPDQFHLQUHDOVFHQDULRV

,QRUGHUWRGHWHUPLQHWKHFRQVXPSWLRQRIDURXWHGLIIHUHQWERXQGDU\FRQGLWLRQVKDYHWREHFRQVLGHUHG
DVWKHWRSRJUDSK\WUDIILFIORZVZKLFKGHSHQGRQWKHZHDWKHUWKHGD\WLPHGD\RIWKHZHHNHWF

7KHWUDYHOHGURXWHFDQEHGLYLGHGLQWRGLIIHUHQWVHJPHQWVZKLFKFRUUHVSRQGWRWKHVDPHVHJPHQWVWKDW
FRPPHUFLDO QDYLJDWRUV XVH WR FUHDWH DOO URDGV *,6 PDSV  7KHVH VHJPHQWV KDYH WKHLU FRUUHVSRQGLQJ
LGHQWLILHU

7KHHQHUJ\FRQVXPSWLRQRQDURXWHLVGHWHUPLQHGE\WKHVXPRIFRQVXPSWLRQVLQHYHU\VHJPHQWWKDW
FRPSRVHWKH WDNLQJLQWRDFFRXQWVHYHUDOERXQGDU\FRQGLWLRQVDV WKHPRGHORIWKHYHKLFOH WUDIILF IORZV
XWLOL]DWLRQRIDX[LOLDU\VHUYLFHVYHKLFOHORDGHWF

7KH HQHUJ\ FRQVXPSWLRQ RQ HDFK VHJPHQW DUH UHODWHG WR WKH ERXQGDU\ FRQGLWLRQV DQG WKURXJK RI
DUWLILFLDO LQWHOOLJHQFH DOJRULWKPV DQG DIWHU WR EH WUDLQHG FRXOG IRUHFDVW WKH HOHFWULFLW\ FRQVXPSWLRQ E\
FKDQJLQJERXQGDU\FRQGLWLRQV

'XULQJQRUPDORSHUDWLRQWKHFRQVXPSWLRQGDWDRIDYHKLFOHLVVWRUHGLQLWVORFDOGDWDEDVHE\PHDQVRI
WKHSRZHUPDQDJHPHQWV\VWHPZKLFKFRPPXQLFDWHVZLWKWKHQDYLJDWRU7KLVGDWDFDQEHH[FKDQJHGLQD
FRRSHUDWLYHPDQQHUZLWKRWKHUYHKLFOHVDQGLQIUDVWUXFWXUHV

$WDQHDUO\ VWDJHGXH WR WKHDEVHQFHRI WKLVQHWZRUNRIYHKLFOHV LWEHFRPHVQHFHVVDU\ WRKDYHVRPH
KLVWRULFDO GDWD LQ RUGHU WR GHWHUPLQH FRQVXPSWLRQ LQ GLIIHUHQW ERXQGDU\ FRQGLWLRQV 7KLV ZLOO EH GRQH
XVLQJ VLPXODWLRQ WRROV WKDW UHSURGXFH WKH WUDIILF FRQGLWLRQV DQG WKH ERXQGDU\ FRQGLWLRQV DQG ZKLFK
FRQVLGHUVFRQVXPSWLRQHTXDWLRQVWRHVWLPDWHWKHHQHUJ\FRQVXPSWLRQRIWKHURXWH
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7KHVWXG\SURFHGXUH
7RFDOFXODWHWKHHQHUJ\FRQVXPSWLRQRIDURXWHLQGLYLGXDOFRQVXPSWLRQLQWKHVHJPHQWVWKDWFRPSRVH
WKHURXWHZLOOEHFRQVLGHUHGDFFRUGLQJWRVHJPHQWOHQJWKQXPEHURIODQHVURDGVLJQVVORSHVDQGVSHHGV
GHSHQGLQJRQWKHLUFDWHJRU\KLJKZD\XUEDQURDGUHJLRQDOURDGWUDIILFIORZVZHDWKHUFRQGLWLRQVWLPH
RIGD\DQGZRUNLQJGD\RUKROLGD\

7KHHQHUJ\FRQVXPSWLRQRIWKHYHKLFOHRQDVHJPHQWURDGZLOOEHJLYHQE\

WKHHQHUJ\QHHGHGWRKDYHPRYHPHQWWUDFWLRQWRFRYHUDSDWKVHJPHQW&
WKHHQHUJ\UHTXLUHGE\WKHDX[LOLDU\VHUYLFHV&
WKHHQHUJ\UHFRYHUHGE\WKHHQHUJ\UHJHQHUDWLRQV\VWHPUHJHQHUDWLYHEUDNLQJV\VWHP&

 &&&QFRQVXPSWLR(QHUJ\   

7KHHQHUJ\QHHGHGWRPDLQWDLQDFHUWDLQWUDFWLRQYDOXHLVGHWHUPLQHGE\WKHWUDFWLRQIRUFHPXOWLSOLHGE\
WKHVSHHGIRUDFHUWDLQDPRXQWRIWLPHDQGLWLVFRQGLWLRQHGE\WKHPD[LPXPSRZHUWKDWWKHYHKLFOHFDQ
UHDFK

7KHPD[LPXP SRZHU GHWHUPLQHV WKH PD[LPXP VSHHG WKDW D YHKLFOH FDQ DFKLHYH RQ GLIIHUHQW URXWH
VHJPHQWV7KLVVSHHGFDQEHORZHU WKDQ WKHPD[LPXPVSHHGRI WKHURDGZKLFKGHSHQGVRQ WKH W\SHRI
URDGKLJKZD\XUEDQURDG«DQGFDQEHORZHUWKDQWKHDYHUDJHVSHHGRIWKHWUDIILFIORZLQWKDWVHJPHQW

7KHSRZHUFRQVXPSWLRQHTXDWLRQLVGHWHUPLQHGE\LQHUWLDIRUFHDHURG\QDPLFIRUFHUROOLQJUHVLVWDQFH
DQGJUDYLWDWLRQDOIRUFHDQGLQFUHDVHVSURSRUWLRQDOO\WRWKHLQFUHDVHLQWKHYHKLFOHVSHHG

7KHIRUFHVFDQEHGLYLGHGLQWRWZRJURXSVWKHIRUFHVLQWKHGLUHFWLRQRIWKHPRYHPHQWZKLFKDSSO\WR
WKHZKHHORIWKHYHKLFOHLWLVRQO\FRQVLGHUHGIRUUHDUZKHHOGULYHDQGWKHUHVLVWDQFHIRUFHVVHHILJXUH



)LJ)RUFHVDFWLQJRQWKHYHKLFOH

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2Q WKHRWKHUKDQG LW LVDVVXPHGWKDW WKH WUDFWLRQ IRUFH)7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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
7KHWHUP1LVWKHQRUPDOORDGRQWKHGULYLQJZKHHODQGȝSLVWKHSHDNFRHIILFLHQWRIURDGIULFWLRQ,Q
WKHFDVHIRUUHDUZKHHOGULYHDQGFRQVLGHULQJVXPWKHPRPHQWVDERXWUHDUZKHHOVHHILJXUH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7KHSRZHUWUDQVPLWWHGWRZKHHOD[OHZLOOGHSHQGRQDQHIILFLHQF\WRWUDQVIRUPDWWUDFWLRQSRZHU

7KHHIIHFWLYHEDWWHU\FDSDFLW\LVUHGXFHGDWYHU\KLJKFRQWLQXRXVGLVFKDUJHUDWHV+RZHYHUZLWKXVHWKH
EDWWHU\KDVWLPHWRUHFRYHUGXHWRWHPSHUDWXUHHIIHFW7KHRSHUDWLQJHIILFLHQF\LVJUHDWHULIWKHEDWWHU\LV
XVHGLQWHUPLWWHQWO\)RUWKLVUHDVRQWKHSRZHUDQGWKHHIILFLHQF\RIDEDWWHU\ZLOOGHSHQGRQWHPSHUDWXUH
FRQGLWLRQVDQGGULYLQJGXUDWLRQ
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
7KH UHVXOW LV D UG JUDGH HTXDWLRQ LQ VWDWLRQDU\ FRQGLWLRQV ZKRVH VROXWLRQ LV WKH PD[LPXP YHKLFOH
YHORFLW\YIRUWKHSRZHUWUDQVPLWWHG

7KHHQHUJ\QHHGHGWRKDYHWKHQHFHVVDU\WUDFWLRQIRUFRYHULQJDVHJPHQWRIWKHURXWHLVJLYHQE\WKH
IROORZLQJH[SUHVVLRQ

D3GV
Y&  



ZKHUHGVLVWKHOHQJWKVHJPHQW

7KH WRWDOHQHUJ\FRQVXPSWLRQ LVGHWHUPLQHGE\ WKH WRWDOHQHUJ\SRZHURI WKHDX[LOLDU\HTXLSPHQWDV
$&KHDWLQJOLJKWVZLQGVFUHHQZLSHUV«PXOWLSOLHGE\WKHWLPHRIXVH

DX[L3GV
Y[&    
FRQVLGHUHG[ ZLWKRXWDX[LOLDU\VHUYLFHVDQG[ ZLWKDOODX[LOLDU\VHUYLFHV

7KHHQHUJ\UHFRYHUHGE\WKHHQHUJ\UHJHQHUDWLRQV\VWHPLVJHQHUDWHGGXULQJEUDNLQJE\FRQYHUWLQJWKH
NLQHWLFHQHUJ\RIWKHYHKLFOH7KHEUDNLQJIRUFHLVJLYHQE\WKHIULFWLRQIRUFHDQGWKHEUDNLQJIRUFHRIWKH
HQJLQHZKLFKZLOOEHWKHRQHXVHGIRUWKHHQHUJ\UHJHQHUDWLRQ7KHSURGXFWRIWKHEUDNLQJIRUFHGXHWRWKH
HQJLQHWKHYHKLFOHVSHHGDQGWKHUHJHQHUDWLRQHIILFLHQF\ZLOOGHWHUPLQHWKHUHJHQHUDWLRQHQHUJ\

 ¦ ¹¸·©¨§  
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7KH EUDNLQJ HQHUJ\ FDQ EH FRQVLGHUHG DV WKH VXP RI WKH NLQHWLF HQHUJ\ GHFUHDVH DQG WKH EUHDNLQJ
UHFRYHU\SHUIRUPDQFHRQDVHJPHQWGVWDNLQJLQWRDFFRXQWWKDWWKHOLPLWLQJVSHHGZLOOEHGHWHUPLQHGE\
WKH ORZHVW RI WKH IROORZLQJPD[LPXP VSHHG RQ WKH URDGPD[LPXP VSHHG WKDW WKH YHKLFOH FDQ UHDFK
EDVHGRQLWVEDWWHU\OHYHODQGWKHVSHHGGHWHUPLQHGE\WKHWUDIILFIORZLQWKDWVHJPHQW

,QRUGHU WR HYDOXDWH WKH VSHHGRQ HDFK URDG VHJPHQW DQG WKXV HYDOXDWH WKH HQHUJ\ FRQVXPSWLRQ WKH
WRSRJUDSKLFFKDUDFWHULVWLFVRIWKHVHJPHQWVDQGWKHHQHUJ\UHJHQHUDWHGE\WKHEUDNLQJZLOOEHFRQVLGHUHG
7KH DYHUDJH VSHHG FDOFXODWHG E\ WKH WUDIILF VLPXODWRU LV FRPSDUHG ZLWK WKH PD[LPXP VSHHG WKDW D
YHKLFOHFDQUHDFKIRUDVSHFLILFSRZHU7KHVSHHGDWZKLFKWKH)XOO(OHFWULF9HKLFOHZLOOWUDYHOZLOOEHWKH
ORZHVWRIERWK



)LJ)ORZFKDUWRIWKHWDUJHWSURFHVV
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
7KH WUDIILF VLPXODWLRQ VHH ILJXUH  LV EDVHG RQ WKH PLFURVFRSLF FDUIROORZLQJ PRGHO ZKLFK
GHWHUPLQHVWKHPLQLPXPVSDFHEHWZHHQDYHKLFOHDQGWKHYHKLFOHWKDWSUHFHGHVLW2QWKHRWKHUKDQGWKH
µODQHFKDQJLQJ¶ PRGHO LV DOVR FRQVLGHUHG 7KH SUHYDOHQW PRGHO ZLOO EH WKH ILUVW RQH WKRXJK WKH ODQH
FKDQJLQJ RSWLRQ ZLOO EH FKHFNHG ZKHQHYHU LW LV SRVVLEOH DQG PLQLPXP GLVWDQFH EHWZHHQ YHKLFOHV DQG
PD[LPXPVSHHGRIWKHURDGFDQEHNHSW

7KHSUHPLVHRIERWK µFDUIROORZLQJ¶DQG µODQHFKDQJLQJ¶PRGHOV LV WKDW WKHYHKLFOHZLOO WUDYHODW WKH
PD[LPXPVSHHGGHWHUPLQHGLQDURDG,QWKHFDVHRI)XOO(OHFWULF9HKLFOHVWKLVVSHHGZLOOEHWKHORZHU
EHWZHHQPD[LPXPVSHHGGHWHUPLQHGLQDURDGDQGPD[LPXPVSHHGWKDWWKHYHKLFOHFDQUHDFKEDVHGRQ
WKHLWVEDWWHU\OHYHODQGERXQGDU\FRQGLWLRQVVXFKDVWUDIILFVOLJKWVDQGWUDIILFIORZVLQWKHURDGVHJPHQWV

,Q WKH WUDIILF VLPXODWRU E\ HDFK WLPH LQFUHPHQW WKH WUDYHO VSHHG ZLOO EH HYDOXDWHG FRQVLGHULQJ WKH
OLPLWHGVSHHGJLYHQE\ WKHUHVROXWLRQRIHTXDWLRQ LQFRPSDULVRQZLWK WKHDYHUDJHVSHHG WKDWZLOOEH
JLYHQE\WKHPRGHOLQFOXGHGLQWKHWUDIILFVLPXODWRU

7KH FDUIROORZLQJ PRGHO DOORZV PRGLI\LQJ WKH SRLQW ZKHUH WKH YHKLFOH VWDUWV WR DFFHOHUDWH RU
GHFHOHUDWH DV ZHOO DV WKH PLQLPXP GLVWDQFH EHWZHHQ YHKLFOHV LQ RUGHU WR DYRLG FROOLVLRQV ZLWK WKH
IROORZLQJFDU7KLVPDNHV LWSRVVLEOH WR LQFUHDVHRUGHFUHDVH WKHEUDNLQJGLVWDQFHDQG WKXVHYDOXDWH WKH
NLQHWLF HQHUJ\ ZDVWHG GXULQJ EUDNLQJ DQG FDOFXODWH WKH UHJHQHUDWLRQ HQHUJ\ )RU WKLV FDOFXODWLRQ LW LV
DOZD\VVXSSRVHGWKDWWKHYDULDWLRQRIWKHNLQHWLFHQHUJ\RIWKHYHKLFOHLVGXHWRWKHEUDNLQJIRUFHPDGHE\
WKHYHKLFOH¶VHQJLQH

,I YHORFLW\ FDOFXODWHG E\ HTXDWLRQ  LV WKH VDPH DV WKH VLPXODWHG YHORFLW\ LQ WUDIILF VLPXODWRU
FRQVLGHULQJWUDIILFIORZVWKHUHZLOOQRWEHUHJHQHUDWLRQEXWLIWKHVLPXODWHGYHORFLW\LQWUDIILFVLPXODWRULV
ORZHUWKDQWKHYHORFLW\FDOFXODWHGE\HTXDWLRQWKHUHZLOOEHUHJHQHUDWLRQ

7KHVLPXODWLRQZLOOJHWHOHFWULFDOFRQVXPSWLRQGDWDIRUDURXWHURDGLQVHYHUDOFKDQJLQJFRQGLWLRQVWKDW
ZLOO EH XVHG DV KLVWRULFDO GDWD LQ RUGHU WR WUDLQ WKH OHDUQLQJ DOJRULWKPV WR IRUHFDVW WKH HOHFWULFDO
FRQVXPSWLRQLQDURXWHIRU(FR*HPSURMHFW
&RQFOXVLRQV
7KHPDLQREMHFWLYHRIWKHVWXG\LVWREXLOGDVLPXODWLRQPRGHOIRUHVWLPDWLQJWKHHQHUJ\FRQVXPSWLRQ
RIHOHFWULFYHKLFOHV

7KHHQHUJ\FRQVXPSWLRQHVWLPDWLRQPRGHOZLOOEHLQWHJUDWHGLQDWUDIILFVLPXODWRUZKLFKZLOOFRQVLGHU
WKHWKLUGGLPHQVLRQWRHYDOXDWHWKHPD[LPXPVSHHGWKDWD)XOO(OHFWULF9HKLFOHFDQUHDFK

2QFH ERWK µFDUIROORZLQJ¶ DQG µODQHFKDQJLQJ¶ PRGHOV DQG WKH HQHUJ\ FRQVXPSWLRQ HVWLPDWLRQ
HTXDWLRQVDUHLQWHJUDWHGLQWKHWUDIILFVLPXODWRULWEHFRPHVSRVVLEOHWRHYDOXDWHWKHHQHUJ\FRQVXPSWLRQ
RQHDFKRIWKHURDGVHJPHQWVLQDGLJLWDOPDS

7KLVVLPXODWLRQDOORZVLQWHJUDWLQJWKHUHVXOWVLQDQDYLJDWRUGDWDEDVHWKDWZLOOEHGHYHORSHGLQ(FR*HP
SURMHFW (FR*HP QDYLJDWRU ZLOO WKHQ EH DEOH WR XVH KLVWRULFDO HQHUJ\ FRQVXPSWLRQ LQ VHYHUDO FKDQJLQJ
FRQGLWLRQVLQRUGHUWRFDOFXODWHWKHRSWLPDOURXWH

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+LVWRULFDOGDWDZLOOKHOSLQSUHGLFWLQJWKHRSWLPDOHQHUJ\FRQVXPSWLRQIRUGLIIHUHQWFRQGLWLRQVE\XVLQJ
DUWLILFLDO LQWHOOLJHQFH DQG WKXV HQDEOLQJ WKH GULYHU DZDUH RI WKH EDWWHU\ DXWRQRP\RI WKH )XOO (OHFWULFDO
9HKLFOHZKLFKVKDOOKHOSWRSURPRWHWKLVW\SHRIYHKLFOHV
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